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CENTRIFUGATION

LESSON DESCRIPTION

This Tesson is an introductory description of the use of éentrifugeé in
the process of volume reduction. The lesson discusses the three basic
centrifuges, their theory of operation, the quality of cake and centrate
along with operational control testing. .

ESTIMATED TIME

Student Preview "~ 10 - 15 Minutes ‘ -f
K " Presentation _ N 40 - 75 Minutes
Discussion - Demonstration + 16" - 30 Minutes '
Worksheet ) v%S - 20 Minutes
) INSTRUCTIONAL MATERIALS LIST
1. Student text "Centrifugation"
. Slide set' "Centrifugation"
. Slide projector ' ) “ ‘

. Screen
. Examples of feed sludge, céntragg and sludge cake

Y

. Small, centrifuge with 50 ml tubes »

(o2 TN & 5 B N ¥ B Y

SUGGESTED SEQUENCE OF PRESENTATION
1. Assign reading - emphasis on flow diagram, glossary and objectives.
2. Lecture with slides.
3. Open discussion ) ‘ - _ .
a. Show samples of sludge, centrate and sludge cake.
b. Spin a sample of sludge in a small centrifuge to show separation,
4, Assign worksheet.
5. Correct worksheet.

REQUIRED READING
Lesson -~ "Centrifugation"

REFERENCE READING
S5
Map 11 - Pages 312 - 314 | | ¢
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CENTRIFUGATION
OBJECTIVES

Upon completion of this lesson the student should be able %o do the following:

Recall the theory of operation of’centrifuges;

State the classification of ceﬁtrifdges in the Solids Management
Sys tem, 5

State the name of the c]earﬁl1qu1d that is separated from the
solids.

State the name of the fluid layer in a centrifuge.
Identify the three types of centrifuges.

Identify flow pattern, solids discharge, centrate, recycle stream
and disc for a disc centrifuge.

Describe how nozzle size and recycle rate will affect sludge
dryness, ’

~Identify characteristics of the three common centrifuges.

Identify the flow pattern, knife, liquid skimmer, weir and
centrate on a basket centrifuge.

Identify thd, flow patterns, beach, conveyer, discharge nozzles,
centrate, and pool on a solids bowl centrifuge.

Describe the resylts on sludge cake for 5perat1on changes in
the solids bowl centr1fugeo

Compare the solids recovery ability of the three types of
centrifuges. '

Compare the cake dryness of the three centrifuges when handling
waste activated sludge (WAS).

.Recall proper testing for each sample location, : -

s ~
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CENTRIFUGATION
LESSON QUTLINE

I. BASICS ‘ -
A. Solids separation
1. Centrifugal force
B. Volume reduction
C. Basic compounds

1. Drum | )
2. Sludge .
3. Spun at high RPM :
4) Centr%fuga] force up to 1300 g-
a. Forms a pool
D. Separation ‘
1. Solids against wall ' .
2. Heavy particles first
3. Clear liquid on top - Centrate
4, Develop cake
E. Basic objective - Maximize solids yield - Minimize cake moisture

I1. TYPES
A. Disc
a. Clarifier bowl
b. Stainless steel .
v ¢. 50 Conical disc v .
° d. Top feed ' ‘ t
v e. Flow up and out against disc
f. Sludge discharge - nozzles 0.05 to 0.1 inches
g. Centrate returned to plant
h. Control
1. Nozzle size
i. Increase - dryness decreases
2. Hydraulic 1oading
i. Increase Toading --decreases dryness
3. Hydraulic loading controlled hy recycle rate

1

o
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. Results
‘ 1. WAS 0.1 to 1.0%
’ o 2; 5 to 5.5% Sludge
3. 90% Recovery
j. Problems
4L?ihProne to p]uJéing
2. Improve results with polymers
B. Baékef“bentrifuge . -

1. Equipment

a. Top loading . X
b. Batch process
C. Weir
d. 1300 x g a—
) e. Bottom feed
0 f. Skimmer :
‘g. Knife o | .
, ~ 2. Process o }

a. Batch
. ‘ . b. Feed until centrate deteriorates
c. Skim liquid - o

d. Decelerate

e. Scrape sludge
- f. Restart
3. Special Considerations

a. Hard to dewater sludge

b. Polymers - improve centrate quality
- - 4, Removals
a. WAS 0.7%
b, Solids 9 - 10%
C. Recovery 70 - 90%
5. Problems '
a. Slow - batch
b. Trimmer settings

!
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C. Solid Bowl Centrifuge
1. Most Common )

2., Two flow patterns
a. Countercurrent

b. Concur:;ﬁt . ' .
3. Components ffm;@,

a. Bowl A
b. Screw conveyer

€. Drive unit- . .

d. Beach v

e. Weirs v h °
4, Operation Countercurrent )

a. 3000 g '

b. Flow

c. *Poo] ’

d. Séparétion

. € Movement by conveyer ‘
f. Sd]ids ﬁb beach ) ' |
g. Centrate out weirs

5. Concurrent )
a. §a@e equipment -
b. STudge enters through center "
c. Sludge and liquid move same direction

d. Skimmer .
e, Beach"-

6. Operational Control !
a. Conveyer spged v .

1. Differénce in speed
2. Decrease speed - wetter cake
‘ . 3. Increase speed - dryer cake
b. Weir Plate ,
1. Lower - dryer cake
2. Higher - wetter cake .
o “

@

9
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c.” Feed Rate - Detention Time

v 1. Lower - dryer cake
2. Higher - wetter cake ‘ ‘ -
7. Removal

a. 0.4 - 0.7% WAS
b. 5 - 7% Solids
c. 80 - 90% Recovéry &

ITI. COMPARISON and TESTING

A. Rate
1. Dbisc 30 - 150 gpm
2. Basket o 33 - 50 gpm
" 3. Solid bowl - 75 - 100 gpm
B. Recovery ) '
1. Disc : ) - 90%
2. Basket : ~ 70 - 90% .
3. Solid bowl . 80 - 90%
C. Cake : '
1. Disc ~ 5-56.50
2. Basket ; ‘ 9 - 10%
3. Solid bowl M 5-7% i
D. Improved Recovery with Polymers
E. Testing -
1. % Moisture - Feed, cake ,
2. Solids recovered
3. Flow - Feed, cake, centrate
i 4, Centrate - SS, BOD and VSS ) ) ‘ L '
i F. Maintenance : ’ , . '

1. Constant
2. Vibration

| TR »
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NARRATIVE CENTRIFUGATION

Slide # )

1. Centrifugation of sewage s]udges is a solids handling technique to reduce
sludge volume.

2. This module was written by R. A. Best and edited by E. E. Arasmith. In-
structional design was managed by Priscilla Harden. Mr. Paul Klopping
served as project director. )

3. In the overall so]ids managemeﬁt system, centrifdgation is classified as
a volume reduction process. Therefore, it can be used for dewatering or
sludge thickening, which are both used to reduce volume. -

4, The centrifuge is composed of a container iﬁto which is placed a volume
of sludge. This container is then spun at high RPM, RS

5. The sp1nn1n97§§herates a centr1fuga] force which throws the ]1qu1d s]udge
~toward the outer wall of the container.

6. As a result of the centr1fuga] force, the heavier material is moved toward
. the wall compact1ng into a cake and leaving behind a clear fluid ca]]ed
- cehtrate. .

7.  The objective here is to remove as much of the solids as possible from the
$ludge. The result would be a sludge cake that is Tow in moisture content
and a centrate that is low in solids content. :

-~

8. There are three basic types of centrifuges used in thickening sewage
‘ sludges. They, are the basket centrifuge, the disc centrifuge, and the

////’/ solid-bowl conveyor centrifuge. . .

9. All types of centr1fuges offersoT1dsseparat1on, however, there is consid-
erable difference in feeding and removal of cake and centrate. Therefore,
we should discuss each type separately in terms of equipment- and oper-
ations. Let's start first with the basket centyifuge.

10. The basket centrifuge is the simplist of the centrifuges.

. o
11." It appears as an oversized, top-loading washing machine. In fact, it
has some similarities. One similarity is the fact that the basket cen—

¢r1fuge is a batch process. °° ) ’ -

h

12. The basket centrifuge is composed of an outer shell 1ns1de of wh1ch is a
*bowl or basket. '

&

‘113. With the basket spinning, sludge is fed 1nto the bottom of the basket and
directed at the wall. - -

14.: Centrifugal force‘holds the sludge to the inside.of the wall of the basket. ‘
This same force causes the liquid sludge to stratify with the heaviest
material being forced next to the basket waTl.

[
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15. ‘As the sludge depth increases, centrate ex1ts over the weir at the top : . ﬂ
‘ of the bowl to reenter the plant as a sidestream. . 3

16. The operator observes the centrate. When the solids beg1n “to flow out
- with the centrate the sludge feed is shut down and the basket continues
to spin.

~ty ©

17.  After a\8§r1od of time a skimmer (usua]]y a hose or pipe with a nozz]e)
is swung“-into the liquid portion of the sludge and the centrate is pumped
off.

18.- After the remaval of the liquid the basket decelerates and a knife swings
into the solids cake 'scraping it from the bowl. The eake is discharged ° ,
out of the bottom of the centrifuge for disposal. The cycle is cepp]ete
and can be started all over again. N '

19.  The batch procéss lowers overall feed raegs for. the basket centrifuge.
This makes the basket centrifuge a poor se]ect1on as a primary dewatering
device.

20. However, the basket centrifuges are widely used to handle hard *to dewater
‘sludges. This is due to the machine's ability te give high solids re-
covery without a chemical addition. i

21.  When polymers dre added there'is excellent improvement in centrate qua]1ty'

P - and solids recovery. Therefore, most facilities are at least given the «

‘ . option of chem1ca] feed. ' ’

22. Proper]y sett1ng the timers to control feed time and thus centrate qua]ity
is the major operational praoblem associated with the basket centrifuge.

23. . Let's turn our attention to the disc centrifuge. The most common uses of

the disc centrifuge are in the separation of cream from milk and the’ S

separation of oil from water. ,
° ° ¢
24. The disc centrifuge used to handle sewage sludge appearé as**a round,

stainless steel container usually less than three feet in d1ameter

.25.  Inside the outer shell is-d so]1d bowl which contains up toJfthy con1ca1
: d1scs ' . B

“ 26. ‘Sludge js,féd into the top of the éentrifuge apdwpiped to the bottom.

27.  The sludge is then forced outward.by centrifugal force and.upwérd by hy-
draulic force. Centrifugal force drivg§ the solids toward the outside
of the bowl. - v

28. Solids that meve upward w1th the liquid,are forced aga1nst the under e
sides of the discs and then forced down and toward the outside by a cen-
v trifugal force. . -
29. _The sludge is d1scharged through a series of nozzles which range from
‘ \ i "0.05 to 0.1 inches jn diameter. A portion of the sludge is recycled
to control hydraulic loading. -

EEL . s
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The clear centrate is discharged through the top of the bowl and may be
returned to the primary portion of the plant.

Operation of a disc centrifuge requires control of the dryness of the sy
solids and the quality of the centrate. This is done by incredasing the ‘
‘ recycle rate of the solids cake. . Y

Detention time influences s]udge’dryness. Changes in nozzle size and
hydraulic Toading influence detention time. .

Centrate quality is a function of sludge dryness. .The drier the é]udge’
the poorer the centrate quality.

The best balance between clear centrate quality and sludge dryness comes
from contro]]1ng the solids recycle rate rather than phys1ca1]y changing
the nozzle size. Control of the recycle stream is the primary oper-
aElona] cqatro] 2

In conclusion, it is imporitant to understand that disc centrifuges are
rarely used in sludge treatment except to thicken fine secondary sludges.
Disc centrifuges are prone to p]ugg1ng when hand11ng coarse or f1berous
material. . i .

The last centrifuge we w111 look at s the solid bowl centr1fuge whlgh is
the most common and most sUccessfu] centrifuge for dewatering sewad#" .
sludges.

There are two types of solid bowl centrifuges: the countercurrent a’d
the concurrent flow types. We will discuss the countercurrent flow type-
since, it is the most common. ,

The solid bowl centrifuge has an outer casing, a rapidly spinning cylin-

- drical bowl, and a screw conyeyor, which are supported by pillow-block -
bearings. The drive mechan1§m for both bowl and conveyor may either be
a gear and motor or a belt and motor assembly.

Sludge enté}s the bowl through openings part-way down the central shaft.

Centrifugal force throws it against the wall of the bowl forming a whirling

pool. The greater cgncentration of solids is against the wa]] of the bowl.
? ¥

Then hydraulic pressure drives the centrate toward the Jarge end while the

screw conveyor drags the solids toward the tapered end.

The centrate exits the bowl through adjustable weirs which control the
depth of the pool. By locating the holes c]oser to the wall of the bowl
the pool depth is made shallower.

The screw conveyor drags the solids in the opposite direction dp an in~
clined plane out of the pool. The inclined p]ane, ca]]ed the beach, ;
guides the solids out of.the end of the bowl. . . |

13 -
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44,

45,

46.

47,

48.

49.

50.

51.

53.

‘54,

55.

56.

While both the bowl and the screw conveyor rotate in the same direction,
the conveyor turns faster than the bowl. This produces the scraping
action that drags the solids up the beach. .

The éo]ids drop out the bottom of the tentrifuge and are carr1éd away
for ultimate disposal. And finally, the centrate is returned to the
treatment plant as a side stream. .

- As with the disc and basket centrifuges, the basic goal of operation is

to achieve a good s]udge dryness and a high quality of centrate. However,
as sludge dryness is increased, centrate quality will decrease. Oper-
ational balance between the two must be achieved. -

Operational control of s]udge dryness and centrate quality is basically
a furiction of detention time. To influence detention time operators ad-
just feed rate, conveyor speed, and/or weir settings. Let's look at how
each of these adjustments influences detention time.

Longer detention time gives centrifugal force more time to act on the
sludge, which results in a drier cake and poorer quality centrate.

Many solid bowl centrifuges have conveyor speed adjustments. Changes in
the difference between the speed of the bowl and the speed of the con-
veyor influence detention time. When the speed difference is greater the
cake moves faster producing a wetter cake. .

Adjustment of weir Settings influences sludge cake dryness. Higher set-
tings produce wetter cake, while lower settings produce dryer cake.

Let's stop for a minute and Took at why this happens. When the weir set-
ting is lowered the pool becomes shallower and Fh/niéach ]onger This
allows the sludge to be out of the water longer and the result is dryer

studge:

In comparing the three types of centrifuges the basket has feed rates of
33 to 50 gallons per minute. The solid bowl feeds at 75 to 100 gallons
per minute, and the disc in the range of 30 to 150 gallons per minute. |,
depending upon the sludge type.

From the solids recovery‘standpoint, the disé’is best at 90%, and the baskét
and solid bowl are about even at 70% to 90% and 80% to 90%, respectfully.

In dealing with waste activated siudge the disc will produce the wettest
cake at 5% to 5.5%. -The solid bowl is next at 5% to 7%. The basket is
dryest at 9% to 10%. . ‘

Generally, an improved solids recovery and an 1mproved centrate qua]1ty
can be obtained with the use of polymers.

. In order to maintain quality control, sample the feed sludge and sludge

cake to monitor percent of moisture and total pounds of solids recovered..

, 14
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57,

58.

59.

60.

61.

.The quantity of feed, cake, and centrate would also be monitored. Cen-

trate should be evaiuated for suspended soiids, BOD, and volatile sus-

pended so]lds eo®

Due to the high RPM and the abrasive nature of sludge all centrifuges
require constant maintenance. :

Because of their high RPM their main safety consideration is vibration.
Any vibration is cause for shutdown and investigation.

During this lesson, we have discussed the three types of centrifuges,
their theory of operation; and their basic mechanical differences.

He also discussed the cake and centrate quality in operational control
and testing. -

W -
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CENTRIFUGATION
WORKSHEET

1. The theory that helps to ekp]ain the process of solids separation in
a centrifuge is called ' .

a. High pressure

b. Pressure force relationship - .
X c. Centrifugal force .
d. Cehtrifuga] separation ¢

2. Centrifugation is what type of solids management system?
a8, Solids reduction '
b.  Conditioning

c. Stabilization

X d. Volume reduction

«

||

3. When solids are separated in a centrifuge, the liquid side stream that
is removed is called the

a. Pool
X b. Centrate
C. Supernatant
d. Counter flow
e. 'None of the above

a

4, When sludge is introduced into a centrifuge, it fbrms a
on the inner wall of the centrifuge.

X a. Pool

b. Liquid separation layer
c. Sludge cake

d. Centrate

e, None of the above




Identify the centrifuges be]gw.

b

a

<

Solid bowl
Bagket
Disc

o

o

the drawing, match the letters to the description.

Sludge in
Recycle stream
Solids out
Centrate

Disc

D .

17
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right.
C

a

U"U‘

\
Q

(9]

o))

o

b&c

‘ results on the right.
b Increase nozzle size a.
b Increase recycle rates b,
a__ Decrease nozzle size '
a__ Decrease recycle rate

-

Most common a,
Conical disc b.
Uses a knife Co

Batch' process

Prone to plugging

Screw conveyer

Least common

Used to handle hard to dewater sludge
Has a beach

Used to separate milk and cream

Uses discharge nozzles

Differential speed

Discharge weir

18
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’ 7< For a disc centrifuge, match the changes on the left with the

Increase sludge dryness
Decrease sludge dryness

8. Match the characteristics on the left with the centrifuges on the

Disc
Basket -
Solid bowl

-
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9. Identify the following:

b Flow in ' : ' '

c Knife ' .
a_ Liquid skimmer. ‘ ' ) ' g
e Weir -

__d _ Centrate:

POLYMER

m .




10.

11,

Identify the following: .

Flow in

—c

_f Bowl

_ 9 Beach
b

Screw conveyor
@ Solids discharge

d _ Centrate discharge
e Pool

1Pinaﬁna-muﬁans§> - AR

e

\

2  Lower weir setting a. 'Dryerbcake
@ _Decrease in feed rate ) b. Wetter cake
b Increase in feed rate

b Higher weir setting

—

20
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Match the changes on the left with the conditions on the right for
a solid bowl centrifuge.

C
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12. Rank the abilities of the three centrifuges to produce a dry cake
with WAS. (one is best)

2 Solids bowl
3 Disc
1 Basket

13. On the diagram in Problem #10, match the sample points with the
required test.

c & b Percent moisture
# a,b,c Flow

—_—_—

a _SS . "
a BOD
a VSS
o
@ p
>
21
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- | | CENTRIFUGATION .
o - OBJECTIVES

-

What will you Tearn from this Tesson?

vUpon completion of this lesson you should be able to do the following:

1) Recall the theory of operation of centrifdges. .

2) Stateé the classification of centr1fuges ih the Solids Management T
System,

3) State the name of the clear 1iqu1d that is separated from the _w
solids. - ‘ .

4) State the name of the fluid 1ayer in a centr1fuge‘ : .
- [3 [
5) Ident1fy the three types of centr1fuges. e

6) Ident1fy flow pattern,‘§o11ds d1scharge, Centrate, recyc]e stream
and .disc for a disc centrifuge. ?

7) Describe how nozzle size and recyc1e rate will affect s]udge
dryness.

T 8). Identify characteristics of the three common centrifuges.

eoa 9) Identify the flow pattern, knife, Tiquid skimmer, weir and
centrate on a basket centrifuge.

' 10) Identify the flow patterns, beach, conveyer, dlscharge nozzles,
’ centrate, and pool on a solids bow] centrifuge. - 2
| 11) Describe the results on sludge cake for operat1on changes in

- the solids bowl centrifuge. -

12) Compare the solids recovery ability of the three types of
centrifuges.

13) Compare the cake dryness of the three centrifuges when hand11ng -
waste activated sludge (WAS). )

. 14) Recall proper testing for each sample location.

. (;f '
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“Conical - A cone-shaped object.

4

» . N L3

' ~ . CENTRIFUCATION

of
o
s

GLOSSARY

R . f ! ’ -
i A . N “a",(;\g:z

v

. S ) S
Beach - The conical cone 6n the end of the solid bowl centrifuge. The

solids are removed over the beach:

Centrate - The relatively clear 1iquid that is removed fromisludge
during the process of centrifugation. The centrate is usually
returned to the“p]ang flow,; - w I :
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Concurrent - The movement of Solids and 1iquid jn the same direction.
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Countercurrent - The movement of solids and centrate in opposite
directions. . o - s o
Pool - The layer of fluid sludge inside the centrifuge. e
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2 Centrifuﬁétion of"sewage sludges is a solids
handling technique used to reduce s1udge vol-

THE_?RY ' - #ﬂ?s module was written by R. A. Best and’
edited by E. E. Arasmith. Instructional
design was managed by Priscilla Harden. .
Mr. Paul Klopping served as project direé%J
or., : '

In the overall splids @gﬂﬁgement systen,*
centrifugation is classified as a volume
-¢qreduc%ion p?ocess. Therefore, it éan‘be
used for dewatering or sludge th1cken1ng,,
which are both used to reduce vo]ume

© a

The centrifuge is composed of a contatner : Q"
_into which is. p1aced a volume af f.sludge.
This container is then spun at. h1gh RPM, T

The spinning geherates a centrifuga}‘force"'
which throws the Tiquid sludge toward the
outer wall of the container.

As a result of the centrifugal force, the
heavier material is moved toward the wall
compacting into a cake and leaving: behind
a clear fluid calted centrate. .

The obJect1ve here i$ to- remove as much of
the solids as possible from.the s1udge.w The
FesuTt would be a sludge cake that is Toy |
~in moisture content and a centrafte that is
]'Flow in sd]ids content. 5 ) N

; ,There,are three bas1c types of centrifuges e,
used in th1ckening sewage sludges. They are
the basket centrifuge, the disc centr1fuge,
and the solid bowl conveyqr centw1fugeq

-
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A1 types of centrifuges offer solids sep-
aration; however, there is considerable
difference in feeding and removal of cake
and centrate. Therefore, we should discuss
b each type separately in terms of equipment
' and operations. Let's start first with
the basket centrifuge.

~ BASKET CENTRIFUGE . 1po pasket centmfuge is the s1mphst of the
‘ centrifuges. ‘

It appears as an oversized, top-loading
washing machihe. 'In fact, it has some
similarities. One similarity is the fact
that the basket centr1fuge is a batch -
process. R

3

The basket centringé-is'eomposed of an
outer shell inside of wh1ch is a bowl or
basket.

With the basket spinning, sludge, is fed into

’ I the bottom of the basket and directed at the
‘Basket Centrifuge wa] 1. : _

[

_Centr1fuga1 forCe holds the sTudge to the
inside of the-wall of the basket. This same.

. force causes the 1iquid sTudge to stratify“
with the heaviest material being forced next-
to the basket wall.

, As the sludge depth increases, centrate
' S - exits over the weir at the top of the bowl
: LTt reenter the plant as a sidestream.

. . The operator observes the centrate. When
the solids begin -te flow out with, the cen~
trate the sludge feed 1s shut down and’ the'
basket continues to sp1n.
30 ' |
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Components of . .
Basket Centrifuge

& . a

1-bowl

2-outside shell

3 & Y-accelerator wheel
- 5~sludge feed

6-frame°

7-lid !

8-drive assembly

9-base

10-nozzle

BASKET CENTRIFUGE
TYPICAL FLOW DIAGRAM

EFFLUENT

After a period of time a skimmer (usually a
hose or pipe with a nossie) is swung into
‘the 1iquid portion of the sludge and the
~~. centrate is pumped off

After the removal of the 11qu1d the basket
dece]erates and a knife swings into the
solids cake: scraping it from the bowl, - The
cake is discharged out of the bottom of the
o | centrifuge for disposal.- The cycle is com-
' . plete and can be.started all over aga“in.b‘

-




SLUDGE
FEED
POLYMER

—SKIMMINGSG']

CAKE °

, . o _ .
) B - The batch process lowers overall feedrates
o ' - for the basket centrifuge. This makes the
basket centrifuge a poor se]ect1on as a
pr1mary dewater1ng device.

) ”However, the basket centﬁifuges"afé,widely-
used to handie hard to dewater sludges. This
%s‘Hue to thevmachine's»abi1ity'to-nge,high;

- solids recovery Without & chemical addition. -

When po1ymers are added thefé'is excellent
o 1mprovement in centrate qua11ty and solids
recovery. Therefore, most facilities are at o
. ) least given the opt1on of chemical feed. -
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DISC CENTRIFUGE

RECYCLE

Cross-section of Disc Centrifuge

Properly setting the timers to control feed
~ time and thus Centrate quality is the major

operational prob]em assoc1ated with the bas-

ket centr1fuge -

-

Let's turn our attention to the disc cen-
. trifuge. The most common uses of the disc
centrifuge are in the separation of cream
from milk andythe'separation of 0il from

water,

The disc centrifuge used to handle sewage
sludge appears as a round, stainless steel
container usually less than three feet in
diameter.

Inside the‘outer shell is a solid bowl which
~contains up to fifty conical discs.

Sludge is fed into the top of the centrifuge
and piped to the bottom.

The sludge is then forced outward by cen- .
trifugal force and upward by hydraulic K:)(
force. Centr1fuga1 force drives the solids
toward the outside’ of the bow],;

Solids that move upward with the liquid are'”
forced against the under sides of the d1scs
and ,then*forced down and toward the out-
side by a centr1fuga1 force. :

The‘s]udge is discharged through a series of
_noss¥es which rangé from 0.05 to 0.1 inches
in ‘diameter. A port1on of the sludge is re- ;;f
‘ cyc1ed to contr01 hydrau11c Toading. :

The clear centrate is d1scharged throuah
the top oflthe bow1 and may be returned to _

f
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. DISC CENTRIFUGE COMPONENTS

\
\

1-conical disc
2-bowl!

3-drive assembly
4-hydraulic lift-
5-nozzle ’

cake.

~ Thebest balance between clear centrate =

_ quality and sludge-dryness comes from con- .
trolling the solids recyc1e'féte'ratherlthan”
physically changing the nossle size. Con-
trdl of the recycle stream is‘the pfimary '

operational control.
34
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the primary portion of the plant.

Operation of a disc centrifuge requires

control of the dryness of the solids and the
| quality of the centrate.

increasing the recycle rate of the solids

This is done by

Detention time influences sludge dryness.
‘Changes in nossle size and hydraulic loading
influence detention time.

Centrate qua]itj is a function of sludge
dryness. The drier the sludge the poorer
the centrate quality.




W

In conclusion, it is important to understand
that disc centrifuges are rare]y used €in - 4
sludge treatment except to thicken fine sec-
ondary sludges. -Disc centrifuges are prone
to plugging when handling coarse or fiberous
materia]. l

a

SOLID BOWL CENTRIFUGE The last centrifuge we will Took at is the
' solid bowl centrifuge which is the most com-
mon and most successful centrifuge for-de-
‘watering sewage sludges. ’

SOLID BOWL CENTRIFUGE |

There are two types of solid bowl cen-
trifuges: the countercurrent and the con-
current flow types. We w111'di§cuss the
countercurrent, flow type since it is the

most common. .

¢

The solid bowl centrifuge has an outer cas-
ing, a rapidly spinning cy1indrica1'bow1,
and a screw conveyor, Which are supported

by pillow-block bear1ngs The ‘drive
mechanism for both bowl and conveyor may
‘either be a gear and motor or a belt and B
motor assembly )

Sludge enters the bowl through openings part- ) §
way down the’ centra] shaft. ' - ‘

S-CF-IO of 15
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. . Centrifugal force throws it against the wall
' of the bowl forming a whirling pool. The
_ gr‘eater" concentration of solids is againsf

. . the wall of the bowl.

k]

Then hydraulic pressure drives the _,centr'éte .
toward the large end while the screw con-
veyor drags the solids toward the tapered
end. ' ’

e * | SOLID BOWL CENTRIFUGE.
I'“"'LBP!*L’ ’u‘f///////ll ,”1_J |- C‘ountercui‘rent Flow '

.....

QJ >

\\_ w-*/-» |

Rl

Bieg Cuntinuoyy S3hd Bow! Cedtrifugal

~

The centrate exits the bowl through adjust-
able weirs which control the depth of the -

 GEAR BOX T il DRIVE
‘ , A pool. By locadting the holes closer to the
E . . _ -t ‘ wall of the bowl the pool depth is made
' ) ’ shallower.
| A the so
aun solm ! v The $Cr‘ew Conveyor' dY‘aQS the soiids in the

opposite direction up an fnclined plane

out of the pool. The inclined plane, i
| called the beach, guides the solids out of

the end of the bowl.

Cross-section, Solid Bowl
Centrlfuge

While both the bowl and the screw co?weyo’r
| rotate in the same direction, the conveyor
‘ ' , turns faster than the bowl.. This produces
‘ B the scraping action that drags the solids
36‘ up the beach.

. "
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The solids drop out the bottom of the cen-
SN - trifuge -and are carried away" for ultimate
d1sposa] And finally, the centrate is re-

turned to the treatment plant as a- side—
stream

As with the disc and basket centrifuges,
the basic goal of operation is to achieve
a good sludgedryness and a high quality
of centrate. However, as sludge dryness
is increased,. tentrate quality will de- ‘

crease. ‘Operational balarice between the T

two must be athieved.

OPERATIONAL CONTROL _ :
. Operational control of sludge dryness and. -

Increased Feed Rates °  centrate qualjty”is basically a function.of”
Produce Wetter Cake detention timf. To influence detention time”
operators adJ st feed rate, conveyor speed
Higher Weir Settings ~ .and/or weir s¢ttings. Let's look at how
Produce Wetter Cake each of theseladjustments influences de-

tention time. \

Longer detention. time gives cehtrifuga]
force more time to act on the s]udge, which'

) resu]ts in a drier cake and poorer qua11ty
centrate

’Many.solid bowl. centrifuges have conveyor .
speed adjustments. Changes in the differ-
ence between the speed of the bowl -and the
. speed of the conveyor influence. detent1on
time. When the speed difference 1s greater
the cake moves faster produc1ng a wetter
_cake. ’ ' ‘

37
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COMPARISONS AND TESTING

FEED RATE
Basket - . 33 - 55 gpm
) Solid Bowl 75 100 gpm
‘ Disc 30 - 150 gpm
RECOVERY
Disc 90%
. Basket 70 - 90%

Solid Bowl 80 - 90%

SLUDGE CAKE FROM ACTIVATED

5
Disc-“; 5 - 5%
Solid 5 - 7%

!

Basket =~ ° 9 - 10%

.75 to 100 gallons per m1nute, and.the disc

- 90% respectfu11y

- s0lids recovered A ) - o

Adjustment of weir settings'inf1uences

sludge cake dryness, Higher settings pro-
duce wetter cake, wh11e Tower sett1ngs pro-~
duce dryer cake.

&

'Let s stop for a minute and look at why this

happens. “When the weir sétting is Towered -
the pool becomes shallower and the beach, v
Tonger. This allows the sludge to be out .

- of the watér Tonger and the result is dryer o
* sludge. ' '

- T ey

" In comparing tHe three types of centrifuges”

the basket has feed rates of 33 to 50 gal-
Tons per minute.: The solid bowl feeds at

in the range of 30 to 150 gallons per m1nute .
depending upon’ the $ludge type

From a so11ds rec0very standpo1nt, the dfsc
is best at 90%, and the basket and solid
bowl are about even at 70A to 90% and 80% to _

s

In dea]ing W1th waste act1vated sIudge the
disc will produce theaﬂettest cake at 5%
to 5.5%. The solid bowl is next at 5% to
7%. The basket:is the dryest at 9% to 1 /,.

‘Genera11y, an. 1mproved so]1ds recovery nd

an improved centrate quality can be ab a1ned o
w1th the use of polymers. ' ‘

{r ”

In order to maintain qua11ty contro] samp]e
the feed’ s1udge and sTudge cake to mon1tor o B
percent of moisture and. total pounds of .

38
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The quant1ty of’feed Cake and centrate o :
’ © . should also be monitored. Centrate ‘should .
' - be evaluated for suspended*so]1ds, BOD, - |
and volat11e suspended solids. - S

Due to the #Tgh | RPM and the abra51ve nature " :;]'1
of sTudge all centrTfuges requ1re constant
' maTntenance :

v ) P

Because of tHeir high RPM their matn safety
consideration is vibraticnﬁ Any vibratibn’_ -
is cause for shutdown and investigation,
. ' | Du;}ng this lesson, we have discussed the v
: | thre@ types df centrifugas, their the"or‘y of | ' |
. operat1on, and their basic mechan1ca1 d1f— . :
N ferences. | fﬂ L ) 4 IR

We also discussed the cake and centrate
~quality in operational control and testing.

Lo s »
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- CENTRIFUGAT ION
® ' : WORKSHEET °

T+ The theory that helps to explain’ the process of sohds separation in
a centrifuge is called”

t' _____ a. High pressure
.o - b, Pressure force relationship - ’ °
| . c.  Centrifugal force
v . d. Centrifugal separation
. 2. Centrifugation is What type of solids management system?
___a., Sdlids reduction |
______ b. Conditioning BN : -,
_______ c. Stabilization . ) e
d. Volume red‘uction |
3. When solids are separated 1n a centmfuge, the hqu1d s1de strean that
. is removed is ca]]ed the
d___ a. Pool
. ____ b. Centrate
_____ C. Supernatant )
_____d. Counter flow ‘ X -
. e. Norie of the above ”
4, When sludge is introduced into a centrifuge, it forms a
on the inner wall of the centrifuge..
______a. Pool |
g _____bs Liquid separation layer
____¢. Sludge cake
N ______ d. Centrate o :
.__ - e, None of the above _ 5 e
- » .
@ 41 |
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5. Identify the centrifuges below.

Solid bowl . ‘ ' A : ‘

Basket : oo : ) . .

Disc

6. Using the drawing, match the letters to the description.

Sludge in : | . . v.

: Recyt]e stream
. Solids out
Centrate - : y
Disc ' '
L] '/ . d
o 42 |
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For a disc centrifuge, match the changes on the 1eft with the
resu]ts on the right. .

Increase nozzle size . a.
Increase recycle rates’ b,
Decrease nozzle size

Decrease recycle rate

Increase s]udge dryne§§”~m-' )

Decrease sludge dryness

Match the character1st1cs on the 1eft with the centrifuges on the N
right. . :
Most ., common s ~Drisc
Conical disc, o . b{ Basket -
‘Uses a knife .- c.

—

V —T e
Batch process

Prone to plugging

Scréw conveyer

Least common ,
Used to handle hard to dewater sludge
Has a beach

Used to sepdrate milk and cream

Uses discharge nozzles

Differential §pegd “

Discharge weir , °

43
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9. ‘Idéntify the following:
Flow in

Knife

Liquid skimmer -

A,

Weir
Centrate

T

POLYMER

N

N

L=
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@ 10. Identify the following:

Flow in
__ Bowl
_____ Beach .
—_' Screw conveyor . | ‘

Solids discharge '

____ Centrate discharge y . | ?
_____ Pool ‘ .

\&

>

11. Match the changes on the left with the conditians on the right for
a solid bowl centrifuge. _

‘ d. Dryer cake

Decrease in feed rate b. Wetter cake

Lower weir setting

Increase in feed.rate
Higher weir setting

® | | 45
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13.

Rank the-abillities- of the three centr1fuges to produce a dry cake
with WAS. (\ne js best) .

Solids bowl
Disc '
____. Basket

On the diagram in Prob]em #10, match. the samp]e p01nts with the

'requ1red test.

Percent moisture

Flow

SS

BOD ‘ L ‘

VSS

IRRAR

- ‘A6 . q
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